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We verify the accuracy and the truncation errors of approximation to the first derivatives and to Laplacian operator in
the lattice Boltzmann method. The truncation errors are calculated by the Taylor series expansion, and the influences
are analytically and numerically examined in the simulation of two-phase flow. We propose the 4th-order accurate
approximations to derivatives that utilize the property of the tensor unlike the finite difference. Application of the 4th-
order accurate approximation scheme to two-phase flow simulation reduces the spurious current around the interface
of a stationary droplet about to one-half of the results with the 2nd-order accuracy. The small spurious velocity in
the vicinity of the interface of the 4th-order approximation increases the speed of a moving droplet, and distorts the
shape of the droplet little. It is shown that the approximation method affects the important physical values, such as
velocity, moving speed, or domain size in numerical simulations.
1. ??
?????????LBM?(1, 2) ???? 4????????
????????????????????????????
???????????????????????????? 2
??????????????6??????Fig.1(a)????
?????x??????????????? 1? 4?????
??????? Á?????????@xÁ ¼ (Á1 ¡ Á4)=(2c¢t)
?????????????????y???????????
?????????????Fig.1(a)????????????
??????Swift????????????????????
?????????????? (3)???????2 ?????
????????????????????????????
????????Fig.1(b)?????????????????
????????????????????????????
???????Swift???????????????????
?????????????? (4)?????????????
????????????????????????????
????????????4????????????????
????????????????????????????
2. ?????
2D9Q?????????????????? 1??????
??????????
@Á(x)
@x
¼ 1
6c2¢t
8X
i=1
cixÁ(x+ ci¢t): (1)
(a) Hexagonal lattice (b) Square lattice
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(d) The velocity and density profiles along the central line (y=33).
Fig. 2 Velocity distribution in the vicinity of a stationary droplet.
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(a) t = 1,000 (b) t = 5,000
(c) t = 10,000 (d) t = 30,000
Fig. 3 Calculated velocity vectors and density contours
of a moving droplet (2nd-order).
(a) t = 1,000 (b) t = 5,000
(c) t = 10,000 (d) t = 30,000
Fig. 4 Calculated velocity vectors and density contours
of a moving droplet (4th-order).
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Fig. 5 Phase separation in a LB simulation on 256 times
256 meshes (2nd-order).
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Fig. 6 Phase separation in a LB simulation on 256 times
256 meshes (4th-order).
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Fig. 7 Reduced domain size plotted against time.
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